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ABSTRACT 

S e v e r a l  changes  have been  made i n  t h e  BCMASP (Bellcomm 

A p o l l o  S i m u l a t i o n  Program) s i m u l a t o r  f o r  S a t u r n  I B  e a r t h - o r b i t a l  

m i s s i o n s .  The most s i g n i f i c a n t  m o d i f i c a t i o n  was t h e  a d j u s t m e n t  

o f  t h e  f i r s t - s t a g e  t h r u s t  model t o  c o r r e c t  an a p p a r e n t l y  s y s t e m a t i c  

d i s c r e p a n c y  be tween BCMASP and C h r y s l e r  C o r p o r a t i o n  t r a j e c t o r i e s .  

With t h e  new t h r u s t  f u n c t i o n  BCMASP-calculated p a y l o a d s  a g r e e  t o  

w i t h i n  . 5 %  o f  t h o s e  by C h r y s l e r  f o r  m i s s i o n  a l t i t u d e s  o f  i n t e r e s t  

t o  A A P ,  v i z .  81  t o  2 6 0  nm. 

O t h e r  m o d i f i c a t i o n s  t o  t h e  program i n c l u d e  t h e  o p t i o n  

t o  s i m u l a t e  SLA/Nose Cone j e t t i s o n  d u r i n g  powered f l i g h t  as i s  

c u r r e n t l y  b a s e l i n e d  f o r  unmanned AAP f l i g h t s .  
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I .  I N T R O D U C T I O N  

A computer  program e x t e n d i n g  t h e  c a p a b i l i t y  o f  t h e  BCMASP 
s i m u l a t o r  t o  h a n d l e  S a t u r n  I B  t r a j e c t o r i e s  h a s  been r e p o r t e d  i n  
R e f e r e n c e  1. The s i m u l a t o r  i s  c u r r e n t l y  b e i n g  used  f o r  a v a r i e t y  
o f  e n g i n e e r i n g  s t u d i e s  of AAP m i s s i o n s .  Where p o s s i b l e ,  checks  
a g a i n s t  P r e l i m i n a r y  R e f e r e n c e  T r a j e c t o r i e s  ( P R T ' s )  g e n e r a t e d  b y  
C h r y s l e r  C o r p o r a t i o n  f o r  MSFC are  made t o  e s t a b l i s h  a s a t i s f a c t o r y  
l e v e l  o f  c o n f i d e n c e  i n  t h e  v a l i d i t y  o f  t h e  BCMASF s i r n u l a t o r  outpLit. 
Such t e s t s  r e v e a l e d  an  a p p a r e n t l y  s y s t e m a t i c  d i s c r e p a n c y  w i t h  i n -  
c r e a s i n g  o r b i t a l  a l t i t u d e  between t h e  s i m u l a t o r  o u t p u t  and t h e  
C h r y s l e r  t r a j e c t o r i e s  . 

It was q u i c k l y  de t e rmined  t h a t  t h e  BCMASP s i m u l a t o r  o u t -  
p u t  i s  v e r y  s e n s i t i v e  t o  t h e  b o o s t e r  t h r u s t  model u s e d .  While  i t  
i s  r e c o g n i z e d  t h a t  p r o p u l s i o n  t a p e s  g e n e r a t e d  from t e s t  da ta  and a 
computer  model o f  t h e  b o o s t e r  p r o p u l s i o n  s y s t e m  by t h e  P & VE 
L a b o r a t o r y  o f  MSFC are  u s e d  i n  t h e  p r o d u c t i o n  o f  t h e  PRT, an e f f o r t  
was u n d e r t a k e n  t o  s y n t h e s i z e  an a n a l y t i c a l  r e p r e s e n t a t i o n  o f  t h e  
b o o s t e r  p r o p u l s i o n  per formance  which would y i e l d  s i m u l a t o r  r e s u l t s  
more c o n s i s t e n t  w i t h  t h e  P R T ' s .  

I n  a d d i t i o n  t o  modi fy ing  t h e  t h r u s t  f u n c t i o n ,  an o p t i o n  
was i n c o r p o r a t e d  i n t o  t h e  BCMASP s i m u l a t o r  which p e r m i t s  t h e  simu- 
l a t i o n  of AAP m i s s i o n s  which have t h e  SLA/Nose Cone j e t t i s o n e d  
d u r i n g  b o o s t .  These  and o t h e r  changes  made t o  t h e  s i m u l a t o r  are 
d e t a i l e d  be low.  

11. MODIFICATIONS I N  THE THRUST E Q U A T I O N  

A t  l i f t o f f  t h e  H-1 e n g i n e s  o f  t h e  S - I B  s t a g e  are n o t  p ro -  
d u c i n g  f u l l  r a t e d  t h r u s t .  The pumps, e t c .  c o n t i n u e  t o  a c c e l e r a t e  
f o r  a s h o r t  t i m e .  I n  a d d i t i o n ,  as t h e  ambient  p r e s s u r e  d r o p s  w i t h  
i n c r e a s i n g  a l t i t u d e ,  a " p r e s s u r e  component" o f  t h r u s t  i s  added.  T h i s  
t h r u s t  b u i l d u p  of t h e  f i r s t  s t a g e  i s  implemented  i n  t h e  s i m u l a t o r  
w i t h  t h e  u s e  o f  an e x p o n e n t i a l  f u n c t i o n  o f  t i m e  i n  t h e  t h r u s t  e q u a t i o n  
f o r  t h e  . f i rs t  32 s e c o n d s  o f  f l i g h t  a c c o r d i n g  t o  

- P )  , 0 t 4 32 (1) . 1 + C Q ' ( P 0  - 
- ( C *  -t C3t)  

THRUST = C1 1 - e i 
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P and Po d e n o t e  t h e  ambient  and sea  l e v e l  a t m o s p h e r i c  p r e s s u r e s  
r e s p e c t i v e l y ,  and t i s  t h e  t i m e  from l a u n c h .  The e x p o n e n t i a l  

r 

-(C2 + c t ) '  i I r e p l a c e s  a q u a d r a t i c  func- term i n  (l), C l * / l  - e J '  
t i o n  o f  t i m e  used  p r e v i o u s l y  and r e s u l t s  i n  a more r a p i d  b u i l d -  
up o f  t h e  t h r u s t .  The c o n s t a n t s  C1, C2, and C which a p p e a r  i n  

(1) are  c h a r a c t e r i s t i c  o f  t h e  per formance  c a p a b i l i t i e s  o f  t h e  
b o o s t e r  f i r s t  s t a g e  and were s e l e c t e d  t o  a c h i e v e  a h i g h  degree  
o f  agreement  between t h e  t h r u s t  p r o f i l e s  o f  t h e  PRT and t h e  
BCMASP s i m u l a t i o n  of  t h e  PRT. 
c o n s i d e r a t i o n s  and  r e f l e c t s  t h e  t o t a l  n o z z l e - e x i t - P l a n e  area 
of t h e  e i g h t  H - 1  e n g i n e s .  

3 

C 4  was de te rmined  from s imilar  

From 32 seconds  u n t i l  app rox ima te ly  1 0 0  seconds  a f t e r  
l i f t o f f ,  t h e  t h r u s t  f u n c t i o n  i s  g i v e n  s i m p l y  by  

THRUST = 32 - < 100 

a t  32 seconds  t o  1 -(C2 + C 3 t )  
where C 

i n s u r e  8 smooth t r a n s i t i o n  from (1) t o  ( 2 ) .  

i s  e q u a l  t o  C1- 1 - 3 5 [ 
Toward t h e  end  o f  t he  f i r s t - s t a g e  b u r n ,  r educed  LOX 

d e n s i t y  due t o  h e a t i n g  and s t r a t i f i c a t i o n  i n  t h e  long  c y l i n d r i c a l  
t a n k s  c a u s e s  a r e d u c t i o n  i n  t h r u s t .  Another  c o n t r i b u t i n g  f a c t o r  
i s  a drop  i n  n e t  s u c t i o n  head p r e s s u r e  a t  t h e  turbopump i n l e t  due 
t o  d e c r e a s i n g  q u a n t i t i e s  o f  p r o p e l l a n t  r ema in ing  i n  t h e  t a n k s .  
T h e r e f o r e ,  f o r  t h e  d u r a t i o n  o f  t h e  f i r s t  s tage  powered f l i g h t  
a f t e r  1 0 0  seconds ,  an a d d i t i o n a l  term had been added t o  ( 2 )  i n  
R e f e r e n c e  1 t o  s i m u l a t e  t h i s  d e c r e a s e  i n  t h r u s t .  The u s e  o f  
t h i s  t e r m  h a s  been r e t a i n e d  i n  t h e  t h r u s t  f u n c t i o n  a l o n g  w i t h  t h e  
same set  o f  matching  c o n s t a n t s .  

The BCMASP s u b r o u t i n e s ,  "SIMTGT" and "DIFEQ", i n  which 
t h e  above changes were i n s t i t u t e d  can be found i n  Appendix B .  
F i g u r e  1 shows t h e  n e t  r e s u l t s  o f  t h e  m o d i f i e d  composi te  t h r u s t  
f u n c t i o n  i n  a BCMASP s i m u l a t i o n  o f  t h e  209 PRT ( R e f e r e n c e  3 ) .  

Determining  a s e t  o f  c o n s t a n t s  t o  g e n e r a t e  a f i r s t - s t age  
t h r u s t  f u n c t i o n  f o r  each  v e h i c l e  c u r r e n t l y  a s s i g n e d  t o  t h e  AAP 
program p o s e s  a f o r m i d a b l e  problem. However, because  o f  t h e  
r e l a t i v e l y  small d i f f e r e n c e s  i n  t h e  f i r s t - s t a g e  e n g i n e  per formance  
da ta  f o r  V e h i c l e s  207 t h rough  212  (shown i n  T a b l e  I ) ,  a s i n g l e  
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f i r s t - s t a g e  t h r u s t  f u n c t i o n  (or e q u i v a l e n t l y ,  a s t a n d a r d  f i r s t -  
s t a g e  l a u n c h  v e h i c l e )  s h o u l d  s e r v e  q u i t e  s a t i s f a c t o r i l y  i n  
c a r r y i n g  ou t  m i s s i o n  a n a l y s i s  s t u d i e s  f o r  V e h i c l e s  207 t h r o u g h  
2 1 2 .  

S i m u l a t i o n s  made us ing  a s t a n d a r d  f i r s t - s t a g e  t h r u s t  
f u n c t i o n  have r e s u l t e d  i n  pay loads  d i f f e r i n g  by less  t h a n  .5% 
from s t u d i e s  made by C h r y s l e r  ( R e f e r e n c e  2 )  as w i l l  be s e e n  i n  
S e c t i o n  V below.  F o r  " in-house" s t u d i e s ,  MSFC has  found a t h r u s t  
f u n c t i o n  o f  t h e  form shown i n  e q u a t i o n  ( 2 )  for t h e  e n t i r e  f i r s t -  
s t a g e  powered f l i g h t  t o  s a t i s f a c t o r i l y  meet t h e i r  n e e d s .  S i n c e  
t h e  t h r u s t  p r o f i l e  p i c t u r e d  i n  F i g u r e  1 a p p e a r s  t o  more c l o s e l y  
s i m u l a t e  t h e  a c t u a l  f l i g h t  c o n d i t i o n s  of  a S a t u r n  I B  v e h i c l e ,  
t h e  t h r u s t  f u n c t i o n  used  t o  g e n e r a t e  i t  w i l l  c o n t i n u e  t o  be  used  
i n  f u t u r e  Bellcomm AAP s t u d i e s .  

111. MODIFICATIONS I N  THE DRAG EQUATION 

The d r a g  e q u a t i o n  used  i n  t h e  s i m u l a t o r  has  been modi- 
f i e d  t o  

DRAG = -C 1 p A V a  2 + 7- 1 3 2  3. 
1 + M  2 D  

where C D  = d r a g  c o e f f i c i e n t ,  p = l o c a l  a tmosphe r i c  d e n s i t y ,  
Va = magnitude o f  r e l a t i v e  v e l o c i t y  o f  a i r  mass t o  v e h i c l e ,  
A = c r o s s - s e c t i o n a l  area of  v e h i c l e ,  M = Mach number. The second  
t e r m  i n  t h e  d r a g  e q u a t i o n  compensates f o r  a d r a g  f o r c e  o f  1 3 2 3  
pounds a t  l i f t o f f  i n  t h e  P R T ' s .  The r e s u l t a n t  d r a g  p r o f i l e  f o r  
a BCMASP s i m u l a t o r  r u n  and t h e  d e v i a t i o n  from t h e  PRT ( R e f e r e n c e  3 )  
are shown i n  F i g u r e  2 .  

I V .  UTILIZATION OF A VARIABLE FIRST-STAGE WEIGHT RATE I N  THE 
SIMULATOR 

Data from t h e  weight p r o f i l e  i n  t h e  209-PRT ( R e f e r e n c e  3 )  
was used  t o  compute t h e  f i r s t - s t a g e  w e i g h t - r a t e  p r o f i l e  u n t i l  i n -  
b o a r d  e n g i n e  cu t -of f  ( I E C O )  i n  F i g u r e  3. The i n c o r p o r a t i o n  o f  a 
w e i g h t - r a t e  t a b l e  i n t o  t h e  BCMASP s i m u l a t o r  r e s u l t e d  i n  no  ove r -  
a l l  improvement i n  d u p l i c a t i n g  p a y l o a d  s t u d i e s  o f  C h r y s l e r  
( R e f e r e n c e  2 ) ,  s o  u s e  o f  t h e  c o n s t a n t  weight  r a t e  which y i e l d e d  
good r e s u l t s  h a s  been  r e t a i n e d  i n  t h e  BCMASP s i m u l a t o r .  Although 
t h e  areas ( o r  w e i g h t s )  under  t h e  c o n s t a n t  w e i g h t - r a t e  l i n e  ( u s e d  
i n  t h e  BCMASP s i m u l a t i o n  o f  t h e  209-PRT) and t h e  w e i g h t - r a t e  
c u r v e  f o r  t h e  209-PRT i n  F i g u r e  3 are  o b v i o u s l y  n o t  e q u a l ,  t h e  
d i f f e r e n c e  i n  w e i g h t s  i s  compensated f o r  by a somewhat l a r g e r  
w e i g h t  r a t e  used  i n  t h e  209-PRT from I E C O  t o  o u t b o a r d  e n g i n e  c u t -  
o f f  ( O E C O )  t h a n  t h e  3207.8 pounds p e r  second used  i n  t h e  BCMASP 
s i m u l a t o r .  
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The b u i l d u p  i n  w e i g h t  r a t e  e a r l y  i n  t h e  f l i g h t  re- 
f l e c t s  t h e  c o n t i n u e d  i n c r e a s e  i n  turbopump speed  d u r i n g  t h i s  
p e r i o d ,  w h i l e  t h e  d e c r e a s e  i n  weight  r a t e  l a t e r  i s  t h e  mani- 
f e s t a t i o n  of t h e  LOX d e n s i t y  d e c r e a s e  mentioned above.  The 
shaded  peak i n  F i g u r e  3 w i t h  an a r e a  of  rough ly  1 0 5 0  pounds 
a p p a r e n t l y  comes from t h e  d i s s i p a t i o n  o f  some 1 1 0 0  pounds of 
f r o s t  which i s  p r e s e n t  on t h e  v e h i c l e  a t  l i f t o f f .  

U t i l i z a t i o n  o f  a w e i g h t - r a t e  f u n c t i o n  i n  t h e  simu- 
l a t o r  o f f e r s  c o n s i d e r a b l y  more f l e x i b i l i t y  t h a n  t h a t  of  a 
weight-rate  t ab le ;  however,  t h e  r e c u r r e n t  problem o f  d e t e r -  
min ing  a se t  o f  c o e f f i c i e n t s  f o r  such  a f u n c t i o n  which would 
work i n  a l l  c a s e s  would have t o  b e  d e a l t  w i t h .  F u t u r e  use  
o f  a w e i g h t - r a t e  f u n c t i o n  i n  t h e  BCMASP s i m u l a t o r  i s  contem- 
p l a t e d  b y  t h e  a u t h o r .  

V. COMPARISON OF BCMASP SIMULATOR WITH OTHER SIMULATORS 

The v a l i d i t y  o f  t h e  BCMASP s i m u l a t o r  can  b e s t  be 
j u d g e d  by comparing i t s  r e s u l t s  w i t h  t h o s e  o f  o t h e r  s i m u l a t o r s  
o f  a t  l ea s t  t h e  same l e v e l  of s o p h i s t i c a t i o n .  Comparison 
s t u d i e s  between t h e  BCMASP s i m u l a t o r  and C h r y s l e r ' s  f o r  
V e h i c l e  2 0 9  a re  summarized i n  t h e  f o l l o w i n g  c h a r t :  

Pay load-Chrys l e r  
O r b i t  P a y 1  oad-B CMAS P ( R e f e r e n c e  2 )  A( Pay 1 oad ) 

( n  . m i .  ) (pounds )  (pounds )  (pounds ) 

81 x 8 1  41731 
1 5 0  x 1 5 0  3 7 2 3 3  
200  x 200  33302 
260  x 260  2 8 0 5 3  

41700 
37200 
33250 
28150 

+ 31 
+ 33 
+ 52  
- 9 7  

Using t h e  same f i r s t  s t a g e  ( c o n s t a n t )  weight  r a t e  and t h r u s t  
f u n c t i o n  i n  t h e  BCMASP s i m u l a t o r  f o r  V e h i c l e  2 0 7  as was used  
i n  t h e  above s i m u l a t i o n s  for V e h i c l e  209  a g a i n  r e s u l t e d  i n  
p a y l o a d  d i f f e r e n c e s  o f  less  t h a n  . 5 %  as shown by:  

8 1  x 1 2 0  40336 
1 5 0  x 1 5 0  36216 
200  x 200  32344 
260  x 260  27194  

40200 
36150 
32300 
27300  

+136 
+ 66 
+ 4 4  
-106 

where t h e  columns r e t a i n  t h e  same meaning used  above.  Weight 
and e n g i n e  per formance  data  u s e d  i n  t h e  above comparison s t u d i e s  
w a s  assembled from Refe rences  2-4. 

Good agreement  was a l s o  r e a c h e d  w i t h  s i m u l a t i o n s  
made by MSFC's " in-house" s i m u l a t o r  f o r  V e h i c l e s  2 0 8  ( R e f e r e n c e  
5 )  and 210 (Refe rence  6 ) ,  t h e r e b y  s t r e n g t h e n i n g  t h e  argument 
f o r  u se  o f  a s t a n d a r d  f i r s t - s t a g e  t h r u s t  f u n c t i o n .  A p r i n t - o u t  
o f  t h e  t r a j e c t o r y  flown by t h e  BCMASP s i m u l a t o r  f o r  t h e  209-PRT 
model i s  g i v e n  i n  Appendix B.  
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A l l  s i m u l a t i o n s  were made u s i n g  t h e  maximum dynamic 
p r e s s u r e  mode o f  t h e  BCMASP s u b r o u t i n e  "ETHORB" ( c . f .  Reference  1).  
L i t t l e ,  if a n y ,  d i f f e r e n c e  r e s u l t e d  i n  t h e  t r a j e c t o r i e s  when 
u s i n g  t h e  ( a l t e r n a t e )  s t a n d a r d  form of  "ETHORB" which u s e s  t h e  
t i m e  of LES j e t t i s o n  i n  t h e  t a r g e t i n g  phase  of t h e  s i m u l a t i o n .  

V I .  MODIFICATIONS TO THE BCMASP SIMULATOR REQUIRED BY CHANGES 
I N  THE A A P  B A S E L I .  

The p r e s e n t  AAP b a s e l i n e  c a l l s  f o r  SLA/Nose Cone 
j e t t i s o n  on unmanned m i s s i o n s .  A s l i g h t  change i n  t h e  simu- 
l a t o r  p e r m i t s  such  m i s s i o n s  t o  be flown w i t h  or w i t h o u t  SLA/ 
Nose Cone j e t t i s o n  by s imply  s e t t i n g  "WGTLES" i n  the  data  deck 
e q u a l  t o  t h e  weight  of  t h e  SLA/Nose Cone a s s e m b l y  or z e r o  r e spec -  
t i v e l y .  I n  t h e  manned c o n f i g u r a t i o n ,  "WGTLES" w i l l  c o n t i n u e  t o  
r e p r e s e n t  t h e  weight  of t h e  Launch Escape S y s t e m  (LES). The 
changes were e f f e c t e d  i n  such a way t o  p e r m i t  t h e  c o n t i n u e d  use  
o f  d i s t i n c t  d r a g  c o e f f i c i e n t  t ab l e s  f o r  t h e  unmanned and manned 
l a u n c h  v e h i c l e  c o n f i g u r a t i o n s .  

A d d i t i o n a l  changes w i l l  be made i n  t h e  s i m u l a t o r  as 
r e q u i r e d  by changes i n  t h e  AAP b a s e l i n e .  

1 0  2 1-1 H- d c s 

A t  tachmen t s  
R e f e r e n c e s  
Appendix A 
Appendix B 
F i g u r e  1 
F i g u r e  2 
F i g u r e  3 
T a b l e  I 

I .  H i r s c h  



' *  
I 

BELLCOMM. INC.  

Refe rences  

1. E s p o s i t o ,  V. J . ,  ''A Computer Program f o r  S i m u l a t i n g  Upra ted  
S a t u r n  I T r a j e c t o r i e s , "  Bellcomm T e c h n i c a l  Memorandum, 
TM-67-1021-2, September  2 9 ,  1 9 6 7 .  

2 .  CCSD, " P r e l i m i n a r y  F l i g h t  Profile/AAP-l,-2,-3,-4 Launch 
V e h i c l e s , "  TN-AP-67-173, F e b r u a r y  1 4 ,  1 9 6 7 .  

3. CCSD, "Launch V e h i c l e  P r e l i m i n a r y  R e f e r e n c e  T r a j e c t o r y ;  AAP-2 
M i s s i o n , "  TN-AP-67-198, A p r i l  1 4 ,  1 9 6 7 .  

4 .  CCSD, "Launch V e h i c l e  P r e l i m i n a r y  R e f e r e n c e  T r a j e c t o r y ;  AAP-1 
M i s s i o n , "  TN-AP-67-186, March 1 4 ,  1 9 6 7 .  

5 .  MSFC, " U p r a t e d  S a t u r n  I p r e l i m i n a r y  pe r fo rmance  t r a j e c t o r y  t o  
a 230 n a u t i c a l  m i l e  c i r c u l a r  orbit" , Memorandum R-AERO-DAP-74-67, 
December 2 8 ,  1 9 6 7 .  

6 .  MSFC, "Upra ted  S a t u r n  I p r e l i m i n a r y  pe r fo rmance  t r a j e c t o r y  t o  a 
2 1 0  n a u t i c a l  m i l e  c i r c u l a r  o r b i t " ,  Memorandum R-AERO-DAP-74-67, 
J a n u a r y  3, 1968.  

7 .  MSFC, "Engine s p e c i f i c  impu l se  and  t h r u s t  f o r  a p p l i c a t i o n  t o  
S a t u r n  v e h i c l e s " ,  Memorandum R-P & VE-67-401, August 2 3 ,  1 9 6 7  
( CONFI DENT1 AL) . 



. 

APPENDIX A 

LISTING OF RUN/DATA DECK AND SUBROUTINES MODIFIED I N  THE 
BCMASP SIMULATOR (REFERENCE 1) FOR SATURN I B  TRAJECTORIES 

( C h a n g e s  t o  t h e  S u b r o u t i n e s  Are E n c l o s e d  i n  B o x e s )  



. RUNlDATA DECK 



RUNlDATA DECK 



' I ,  

EQUFOR C 1  9 C Z  9 C 3 r C 7  
S U B R O U T I N E  S I M T G T  
E Q U I V A L E N C E  

o ( V E H ( 3 ) 9 D W G T l )  9 

o ( V E H ( 6 ) 9 T H R 2 A ) r  
0 ( V E H (  9 1 ,FUEL2 1 9 

o ( V E H ( l Z ) , W G T 3 ) 9  

o ( V E H ( 5 3 ) 9 W G T L E S ) ,  
o ( V E H ( 5 7 ) , T M I X l ) 9  
o ( V E H ( 6 0 ) 9 T J T I S G ) 9  
o ( V E H ( 6 3 ) 9 D W G T 2 C ) 9  
o ( V E H ( 6 9 ) 9 T D K ) 9  
0 ( V A R  ( 3 6 8  1 9QMAX 1 9  

0 

E Q U I V A L E N C E  

C 

SIMTGT 

C E Q U I V A L E N C E S  FOR U P R A T E D  SATURN I V E H I C L E  
C 

E Q U I V A L E N C E  I F L T ( 0 2 2 )  9RAPOGR) 9 ( V A R ( 3 7 5 ) r R A P O G )  
D I M E N S I O N  T Q ( 4 1 9  Q ( 4 )  

C 
C L A U N C H  V E R T I C A L L Y  FROM T H E  SURFACE OF THE EARTH, 
C 

E V E N T  L A U N C H ( S T A R T 1  
C R I T E R I O N ( T = O o )  

W S l O F F = W C T l - F U E L l  
WGT=WGT 1 
C A L L  E L I N I T  
C A L L  S I T B ( 1 )  

AUX EQ---.--_ I -- - 
L F O F T  = - 1 6 8 3 3 7 0 0 * E X P ( - ( 3 2 0 7 3 8 +  T ) / 1 0 0 4 8 9  fl 

THRN = T S L l  + F O F T  
C 
C I N I T I A T E  T H E  G R A V I T Y  TURN. 
C 

E V E N T  K I C K  ( L A U N C H  1 
C R I T E R I O N ( T = T K I C K )  

C A L L  I K I C K  
C 
C B E L A Y  THRUST BUILDUP F U N C T I O N  
C 

E V E N T  B E L A Y ( K I C K 1  

i- 

DO 100 1-93 
T Q (  I ) = O o  

100 Q ( I ) = O o  
QMAX=Oo 

AUXEQ 
I F ( Q M A X o N E . 0 0 )  GO TO 9910 
Q ( 4 )  = (RHOA*VA**2 )  / 2 8 8 *  
T Q ( 4 ) = T  
DO 200 I=2,4 
T Q ( I - l ) = T Q ( I )  

200 Q ( I - l ) = Q ( I )  



S I MTGT 
I F ( Q ( l ) . E Q . O . )  GO TO 9910 
C A L L  I N T M A X  (l ,TQ,Q,TMAX,QMAX,QSUM) 
IF(QMAX.EQ.0. )  GO TO 9910 
W R I T t ( 6 , 1 0 1 1  T Q ( 3 ) , Q ( 3 ) , T M A X , Q M A X  

1 C 1  F O R M A T ( 5 H  T Q  = E 1 5 0 8 , 3 X , 4 H  Q =E15.8,3X,7H TMAX = E 1 5 * 8 , 3 X ,  
o7H QMAX zE15.8) 

C 
C B E G I N  THRUST DECAY 
C 

E V E N T  T H R D K ( K I C K 1  
C R I T E R I O N ( T = T D K )  

A C C O = A C C O l  
D F D A = D F D A l  

AUXEQ 
C 
C E N D  G R A V I T Y  TURN. 
C 

E V E N T  E N D G T ( L A U N C H 1  
CR I T E R I O N  ( T = T E G T  ) 

I G T = O  
OMEGAP=O. 
CMEGAY=O. 

AUXEQ 
C 
C SHUT DOWN T H E  CENTER E N G I N E S .  
C 

E V E N T  I B O F F ( K I C K 1  
CRI TER I O N  ( T = T E N G 5  1 

C A L L  S I T B ( Z 1  
I D R A G = O  

AUXEQ 
C 
C SHUT DOWN T H E  STAGE ONE E N G I N E S .  
C 

E V E N T  S l O F F ( K I C K 1  
C R I T E R I O N ( W G T - W S l O F F )  

T S A V = T + T C t  
I THR=O 

C 
C S T A R T  THE S T A G E  TWO ENGINES.  
C 

E V E N T  S 4 0 N ( S l O F F )  
C R I T E R I O N ( T = T S A V )  

WGT = WGT 2 A  
I THR= 1 
C A L L  SITB(3) 
T S A V l = T + T M I X l  
T S A V Z = T + T  J T  I SG 
T S A V 3 = T + T J T L E S  
T S A V 4 = T + T M I X 2  
WS40FF=WGT2A-FUEL2-WGTLES-WGTISG 

C 
C F I R S T  S - I V B  M I X T U R E  R A T I O  S H I F T .  
C 

E V E N T  M I X l ( S 4 0 N , S 4 0 F F l )  



. 
SIMTGT 

C R I T E R I O N ( T = T S A V l )  
CALL S I T B ( 4 )  

C 
C J E T T I S O N  THE I N T E R S T A C E .  
C 

E V E N T  J E T I S G ( S 4 0 N , S 4 0 F F l )  
C R I T E R I O N ( T = T S A V Z )  

WGTzWGT-WGT I S G  
C 
C J E T T I S O N  T H E  L A U N C H  ESCAPE SYSTEM. 
C 

E V E N T J E T L E S ( S 4 0 N , S 4 0 F F l )  

WGTxWGT-WGTLES 
OMEGAP=DTHZ 
C A L L  I P I T C H ( D L T H 2 )  
O M E G A Y = D P S I Z  
C A L L  I Y A W ( D L P S I 2 )  

V = V A L U E  ( V X )  
V C I R = S Q R T ( G M E / R )  

C R I T E R I O N ( T = T S A V 3 )  

AUXEQ 

VOFF=VCIR*SQRT(2./(lo+R/RAPOGR) 1 
C 
C SECOND S - I V B  M I X T U R E  R A T I O  S H I F T .  
C 

E V E N T  M I X 2 ( S 4 0 N , S 4 0 F F l )  
C R I T E R I O N ( T = T S A V 4 )  

C A L L  S I T B ( 5 )  
C 
C W E I G H T  IS E Q U A L  TO WEIGHT WS4OFF 
C 

E V E N T  E M P T Y ( S 4 0 N 9 S 4 0 F F l )  
C R I T E R I O N ( W G T = W S 4 0 F F )  

C 
C SHUT DOWN T H E  S T A G E  TWO E N G I N E S .  
C 

E V E N T  S 4 0 F F l ( J E T L E S )  
C R I T E R I O N ( V = V O F F )  

V = V A L U E ( V X )  
I THR=O 
OMEGAY=O 
OMEGAP=O. 
T S A V = T + T C 3  
B E T A  I = B E T A  ( RX ,VX 1 

AUXEQ 
E V E N T  S T O P ( S 4 0 F F l )  
C R I T E R I O N ( T = T S A V )  
L A  S T  
E N D  
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APPENDIX B 

PRINT-OUT FOR BCMASP SIMULATION OF 209-PRT (REFERENCE 3) 



' I  

' !  

i gfi f 

o f -  
$1 m a l  

1: I 

0 

I .  

I 

U n 
7 

do 
% %  
n o 0  

+QI  

d o  io00 
0 .I 0 

00 ' Q m  
r-0 - 0 c u  no m o m  * .  P-QIn a 0  L n O Q  
c u m  I - o m  

I 

I /  
I .  

'U 
! I n = i J W  

u m t - v o  
c u w w z o  
~ x a z - z  a e a c w o  

0 
m a d w  

t O W W Z O  atncuo 
i x a x - z  a c a t c o  

I J W  u o  
Z O  X * N  
u z  a n a  
o n  a x a  

L n f t j f u I O ( u 0  
0 0 0 0 0 0 F 4 0  
I I I I I I f l o  
S 4 C P L n l n f f P - 0  

V 
W 
m 
0 
0 
0 

I 

z 
r 
0 

Y 

N OJ 4 r( 4 (u 0 
c o o o o o r -  

r U U O C  E u a o t  

. 
9 

. 
c 

h I 
.-4 

c 

4 

c 
3 

'n 
7 L 

A 
' C  

'3' 
3 
!U 
I 
+ 
Li: 
> 

n 



' i  

I I I 

(v a o  c o o  
Q O d O O O  
. O  9 0 0 0  
a o a o o o  
m s o o o c  
m . * 0 0 0  
F m ~ o o o  
N j d  . Cud*940 
4 9 1  

4 
a a 

d 
0 
9 
0 
Q 
C 
C 
0 

W 
0 
U 

000 
tr) - m  
O Q N  
0 0 0 9  
G(u 
. O P  

c - l m  
N m O  
P O 0  
m N 9  

V 
W cn 

0000N00(\I(u 
V 
W 
ln 

- 4 O O O N  
O N 6 4 0  
I i r - 3 3  
o a m o c u  
c o o m o  oaorno o a m o .  
0 d .  .-4 
06 rn r -J - l  
r n 4 D l n - 4  

0 
0 
0 

o m  r- 01 o 0; o m  n 0 
0 
0 

0 
ct 

0 m 
P- 
O 
4 

0 
-4 

a n  cu 
z 
c( 

5 1 5  u a o +  z 5 

0 O X W N  C l - W I  3 O X * N  
a 4 : a . c ~ ~  IL 

z a c c c a w w a a  z a a a a  
s > > > > = I a c a  = > > > >  

CK 
I 
0 

2. 

u 
0 
I 

a * 
0 

I 

a 

0 
4 9 

c f 3  

7 C G  
3 - 4 3  
iab I 
0 4 3  

u 
Irl 
J) 

' V  
W 
yl 

z 
w 
I- 
LL 
a 

u 
w 
v) 

0 
3 
c) 

9 
3 - - a 

'3 
0 

3 
4 

;3 
0 
3 

3 

0 
-4 . * 

J 
> 

c 

I- 

? 

L a: 
3 
c 



d 
Ei 0 

d 
0 
a 

I 

4 
9 
0 

0 
01 m cu 
0 m 
0 

0 m 

W 
0 
0 z 
0 

.. 
m m  

C 

4 m m  

ol 

' I  

a 1  

X t N  

> > >  n c n  

0 
0 
e 

I: 
CY 
O X * N  

x > > > >  z a a a a  



0 0 c - 4 0 0  
oooc'ooo 
.O  . I  00 

rc9coco 
N R O O  

\ c d d m o u  
O j r - m . .  
m a 4 . a  

a o a m o a  

:a o \ r - 0 0  

1;1 

0 
0 

4 
I 

2! 

Y 

a 
d a 
al 

a 
o\ 

W 
0 
0 
2 
0 

4 4 

a 
m c - I w  

a m c u n  
c o w w z o  
J I ~ L I - Z  
a a a t o o  

a 
m a . - r w  

au lcvo  
- 1 x a r u z  
c a - a t o o  
I - O W W Z O  

a 
a m  

- 1 x a  
u a x  

m 
t o w  

0 0 0 O O O O V l 4  o o c  
or-N V w 

ul 
o m m  
O N r n  
O j N  0 9 m  
o m .  

0 
9 
c 

Z 

z 
+I 

z 
U 
o x *  
I > >  
z a a  

0 

X 
I 
c 

3=13 

c 3 -  
0 5 N  
C N 9  
o m 4  
o m n  
O Q  

' 0  
N-l 
I 

cr- 'L 

> 
C 
0 

0 
I 

V u 
'33 X 

3 
9 
N 

3 
3 
3 

.U 
rc) . * 

P 
6 

3 ... 
.d 

C 

J 
> 

-4 

ii 
-I 

., L 

I 



~ 

d 
( I 

i 
I 

I 

, 

1 

2 
a 
m 
r- 
r- 
4 

3 z 
4 

X 
L 
a 

k 
Q 
0 

0 
I 

U 
L1 
m 
3 
u1 r- 
(c 
1 

. 
- 
4 

4 

I .  
I *  
, / I  

t 
I 

o ( f w o o c  ot-! 
(000 
P - l  I 
r -mrc 
.LnO 

w i n 4  
N O * ?  
m 9 m  
r-nn .a \c f 

-IF 
. .  

O d O  
b -0 

U 
t n a d w  

a tn tuo  
C O W W Z O  X > . N  
J I C C I U Z  a n n  
a c i n t a o  auci 

4 m a - 1 w  
a m t v n  

= z a n t o n  
t O W W Z O  
J X ( r I C 2  

a 

a m  

acca 

L1 

t o w  
J I a  

O C G  
O N n  
O G N  
O N 3  
C O f  
o m  
0 * N  
S 4 N  
-sa: 
4 F d  

I 

V 
W 
m 
0 
Ln 
P, 

IC 
N 

Z 
H 
I 

4 

N 

I 
u a o t   an^ 5 U Q O C  E 

ci 
o x *  
I>> 
z a a  

2 3 5  
c m c  ccus 
O Q N  
c 4 c c  
C N C l  * 

3 

0 
I 

a 
o i n c l  
0.. 
. m m  
nF? 
I 1 .. 

4 N  

r- 
iU 



' I  

1 ' 0 0 ;  

d o  C403 

p q  
O C O  
O C G  
N O 0  
0 0 0  

* !  

i 
d 

I 0 

7 
I 

I 

! 

V 
w 
VI 

0 
0 
0 

0 
3 

a 
W z 
-4 

Y 
1 
0 

>- 
a 
0 

0 
I 

u 
;;f 
3 
3 
J 

'3 
3 

-7 Y 

1 
-4 

o o o d o o  
-aorcooo 
00 . I  O t  
* O ( U P O O  

OclrLi(\.U~OC 
0 .014 0 0 
Q,U?QOOO 
04  rcpI o c  
nacocu. 
9 9 - 3  

n 
I 

caoa 
nP-9 
I -49 
m P - 4  e )c. =I . .P- 
P o 0  
9 N P -  
f D 9  

X t N  

> > >  

O C O  
m .m 
oorc ..+a 
NCO 
W Q t -  
( r F Q  
N D W  
n o m  
.+CUP-  

a n n  

X>- -N  
a n a  u u a  

C r C Q  

4 
I I 

m a 
iJ 
I- 
m 
N 

1 w 
I- 
LL 

3 
0 
J 

3 
a 
d 

a 

LAJ z 
.-I 
c 
c 
a 

* 
2 r 
i 
I- 

3 
;. 
4 
* * * +, 

X W N  

>>>  n a p  X * N  

> > >  a n a  

0 0 0 ,  
R .r( 

O F 0  I 

. n o  ' 

o m 4 0 0 0  
O O O r C ~ 9  
9 1  1 0 3 0  

.. 
f N  

4 
m a  J W  

C W I - v o  
I - o w w z o  
- I I U I U Z  
U L L R I - 0 0  

X > . N  
n.aa a m a  

X W N  ,an 
a x u  

5: uaot -  I: uaot- 5 u a o c  

I .. 
4.4 

I .. 
4 4  

r) 

I 



I 

0 0  - 0 0  
,oqooo r - 0  I O 0  

O f 4 0 0  L3(uao ? z 2 : z  
t o o  

U l J a l 9  4 
ma400 

(u 
I 

I l l  

I 

!I 
5 
F; 
r. 
4 

I 
d 

I 

I 

1 

u 
W 
VI 
0 
In 
I- 

m 

2 
E 

. 
4 

U 

4 

ir - 
0 

> 
0 

3 
I 

a 

U 
J 
Ln 

3 
"9 
I- 

n 

2 
a 

" 

c( 

0 
0 
0 
5 
PI 
n 
Q\ 
(u 

. 
4 1 1 :  

a 
U ) C J W  

d 

umcuo 
k O W _ W Z O  X > . N  

,MZ a n a  a x u  aaI--cr)o t a x a  

V 
w m 

V w 
ul 

f 
I- 
rr) 

0 
In 

I .. 
rnrn 

z 
z U 

P H a a t  P -a 01- 
a a a z -  o x > - w  c c w x  
g a a a a w w a ~  3 e  oa 

N 

c: 
I 

>- 
a 
n 
0 
I 

c 
I 

U 
W 
111 

5 

r- 
n 

4 a C 

CJ 



I o , o c ~ c c o  o m 9 0 0 0  
4QIr-000 

(u c o o  
o\eluooo F0cu000 
QNUY n n m  

N r - 3 C O C  J o o o  

I 

O C O O O O  I O 0 0  
m o m o o o  i r c n m  Z+Z2  000 00 

* o o o o o  
c\iocaco 
N O O Q O O  
o\ooac3o 

d a 

a 

JI 
h n 
01 

u 
W 
In 

f 
IC 
n 
m 
4 

2 
P 
N 

U 

s 
A 

0 

>- 
0 
0 
1 

a 

u 
w 
ul 
3 
IC 
n 
cn 
4 

- 
-4 
r 
(\I 

@ O . O O O  r-r-u, 
* O ~ O O O  P D L n N  

9 . 4 O O C  I .  0 4  
9 G C 9 C O G  ! L O N  

0 
0 
0 
3 cc 
n 
9 
n 
. 

M 

u 
W 
0 

f 
IC 
n 
9 
4 

z 
P 
cu 

Y 

a 
I 
0 

> 
a n 
0 
I 

u 
ul 
VI 

f 
IC 
r7 

13 
-4 

-.. - 
M 
I 
U 

r n m f f i o o o  '(03. r;aoooo r -anqoo o c u m  a.. n n m  ai..... 
n 

I-nFQ: 
m u u  m 

X * N  

> > >  a n a  X 
1 > 

0 
9 
r( 

a0 
0 
R 
0 
f 
n 

000 
9 .m 
c(NF 
* r ( m  

aco 
c o o  

. .  
4 9  

C 
G C J W  

a m I - v o  
I - O W W Z O  X * N  
J I ~ X U Z  n a a  
accnt -oo  a a m  

U 
L n U J W  

I - O W W Z O  
av) I -vo 

~ x a x u z  a a n I - o n  

a 
l n u - l w  

U V I t V O  
I - O W W Z O  ~ x a x - 2  
a z n c o o  

X > N  

K K E  
n n n  X 

Y 
n 

I u u o t  a a a a u  
H uaa i -  E u a o  

a a a x  
z a a a a u w a  x > > > > n n o  
O X > N  I - I - w  

3 3 3 4 0 0 O N  

f 

VI 

I 
3 

. .  

f 

C J  c 



m = I z a z g  
. o o a o o  C O O  0 0  

( u o c o c c  
( u P 0 ~ C d  m o o  0 0  IcQOqqy O C . .  

R 
I 

0 m m m 
f 
I- 

f 
- 
.-I 

V 
w 
v) 

0 n 
I- 

N 

Z 
I 
N 

4 

I 

z 
r - 
t 

b 

c 
C 
I 

a 

u u 
Ln 
- 
-2 

n 
IC 
- 4  

-u 

L 

-4 

. u co i5.m 

a 
m a - r w  

a m t w o  
I - O W W Z O  
J I ~ I - Z  
a x a t o n  

a 
m a - r w  

I - O W W Z O  a t n t v o  

c a n t o n  - I I C I U Z  

a 
m a d w  

t O W W Z O  a m c v o  

a!zacon 
JIEI-Z 

O O O G O C  
O O C O I C O m  
O L n f Q 9 C  
0 4 0 0 , 0 \ N  
0 f R C ' f - l  
0 . 0 .  .0 

F u a o c  z Y - 
C a 
O X * N  t 
z c a a a w  
= > > > > T o  

r 
d 
e 
LL 
C 

S 
r- 
rl 

,Jl 
S * 

i 
-I w 

4 
J 
i 

4 
j: , ?  I f f 

, 



i g g g d g g  m o o  00 
0 .In. 00 

* l a ? R O d O O  
5 - 0  0 0  

cctn 4 . .  

a N c a c o  
m N o a o o  
N m N  ! 

I 

! 

+ & * a  w u a a  
X W N  

> > >  a ~ n  

U 
L ~ ~ J W  

a m c v o  
J X ~ X - Z  
a a a c o o  
t - O W W Z O  

a 
m a J w  

a m t v n  

a m n c o o  
c o w w z o  
J s a = m z  

X > - N  c a a  a m x  

a o c  5 u a o c  7 u a o c  

z a a a a ul c I 
i > > > > = 3 J C  

5 0 3 5 3 3 O N 3 3  
O r - C N O r C r - O r - 0  
o m 4 m O ' r C . n  I 4 t r )  

-4 

LL 
a 

.n 
m 
-4 

U 
4 

3 ' 3  



G C ' G d C O  
m o o c o o  
DOCG I O 0  

1 'In . m o o  
' d ) ' ) O N O O  
P- . o m 0 0  

, 9 N G 1 ' ) 0 0  J f R r - .  . 
~ ( E l N ~ O C C  

  urn"^ 
! I 

4 
I 

.. 
c 4  

a 
m a d w  

UUII-vo 
c o w w z o  
J X ~ I M Z  
a c a c o o  

a 
m a d w  

a m c w o  

azlaI-on 
I - o w w z o  - 1 x c x - z  

a 
@ C J W  

< m I - w o  
c o w w z o  
J i a I - 2  
C L T Q C ( 3 0  

X * N  
a n n  
a z a  

X t N  
o a a  
EE[L 

V 
W 
v) 

0 
m 
IC 

P- n 

z u a o c  
X a c a -  
z a a a a w ~ ~ a a  
O X t N  I - C W l  

x > > > > 9 3 a c  

r u a o c  
SI u c c u  
O X t N  CI-LII  

x > > > > 3 3 o c  z a a a a w ~ ~ a l a  

[L 
X 
G 

>- 
a 
0 

0 
I 

I- e 5  

U 
'A 
Ln 

3 
n 
P- 

C C 

f u 
.L 



000 
m m d  
m a r -  
ns f -  
nnP- 

- Q  
N O  
9 f Q  
00: 
Q'nd 

X * N  

> > >  a a a  

I 

i 

1 I 

I 

I 

V 
W 
v1 
f 
5 

? 
0 cn 

z 
I 
m 

U 

a 
I 
C 

* 
0 

0 
I 

a 

J 
W 
Y, 

f 
I- 
m 
2 

5 r 

0 0 ~ 0 0  

m o a  I cJe 
% o o c o o  
ryr . m o o  

( U h o m O O  
P7nocUoo 
R . a m 0 0  

. ,  
r( 

I 

+ n * a  
t r u a . ~  

I - 2 0 0 0  
c o a w w w  
( 3 3 I E - I I  
3 Q I - 0 0 0  

I 
I 

a n n  
/ X * N  

I > > >  

oaJ3ooln 009 
r D O O N 3 . 4  N.)c 

000 
P- .O 

9 N m  

. .  
m-4 

a Q 
cna-iq 

acne-vo 
+OWLIJ?ZO X + N  
- I = P , - z  a n a  
a z n t o o  a a z  

o c o c o o o n c  
O 0 O r - O D R O N  
a m 3 9 9 0 D l  s 
c 4 0 D D n o ( r - m  
C f m O \ f Q m N O  
D . .  . . r n h L n r n  

3 
3 
\ J  

X 

C 
3 
1u 

. 
I- 
-c 
1 

4 G a 
-1 



O O t ~ l O  
G 0 0 0; 0 9 
000 1 1 0 0  
c w  .In!OO 

o' . o m 0 0  
o n o m o q  
c c 3 Q I t -  

. (r,tQI'C 

M 3 d ?  

4 
I 

. ? I O O d O O  
d C O 0 9 0  m o o  I d o  
= c C  . m o o  

6 n c m o c  
P L t O N O C  
rl . O M 0 0  
r--lr,onoo 
( U f D r -  * .  4 3 4 m  @-';. 1 7  i .+ 

I 

O Q 3 d O t -  
al o o al, n t- 

. I  I CYnrl 

U 
V I C J W  

aancuo 
P O W W Z O  X t N  
JIZI-Z a n a  
cca t - c30  a a a  

a 
flu J W  

U I n t V O  
w z o  X * - N  !i:2 I U Z  a n a  

4 a a t a o  

u 
W 
Ln 

r U U O t  

00 
e m  
oa: 
O f  
c o  
C R  
O G  
0 .  
.a 
0 
I 

c c z z  

a a a a 

. .  



a 
0% 
t 

m 
2 
Fi 
4 
b 

V 
W 
Ln 

w 
f 
0 

n 
in 

2 
I 
U 

4 
4 

c: - 
0 

t 

3 
0 
I 

a 

W 
w 
ul 
N 
f a 
n 
n 

z 
-4 
7 

4 
-4 

- 

8 ,  

I 

8 g 
n 
9 
M 

1 

! 

u 
W 
m 
N 
z? 
0 

n 
. 
4 

z 
r CI 

0 
4 

c 
I 
C 

* a 
0 
0 
I 

U 
J 
J) 

nl 
t m 
"3 
. 

4 

.2 

P 
3 

e( 

4 

i 

1 

I 

I 

I 

I 

I 

I 

m c 
w 
t 
vl 
f 

ir 
w 
I- 
LL 
< 
N 
3 n 
m 

I Q  
4 

J 
E 
n 
c 

pi 
I d  

L L  
LL 
3 
f 
Jl 

c, - 
d 

i $  
I *  
* 

' *  

0 

t 

1U-l 
i .  
n 

~ u, 
12 

I -  
I F  

i 

! 

V 
W 
m 
N 
3 
In 

n 
In 

2 

I 
U 

4 
4 

II: 
I 
0 

>- 
a 
n 
0 
I 

u 
W 
m 

7 
in 

'c) 
d l  

z 
I 
- 
d 
4 

X t N  

> > >  a a a  

o m  00 00 
ruoln ..+IC 

-l 
I 

w 
J O  

X t N V O  
C Z I I Z Z  
- I t t t l - m  
=xaaaou 

' X t N  
a n a  
a a a  

o ( r 0 0 r n I n  
00 - .OO 
o + \ O n +  I 

. I .. 
4 r(N 

I z 
Y 

5 ~ a o t  r Y 5: c( 

Z X > . N  U 
O E r Z I E c  
z w w w w w  
~ x a m a ~ )  

I l l  
3 

4 

f 
4 1  

J 



1800 

1700 

1600 

+ 10 
0 

- 10 

0 50 100 
TIME (SECONDS) 

FIGURE 1 - (a) THRUST AND (b) DEVIATlObJ I N  THRUST FROM 209 PRT 
VERSUS TIME FROM LAUNCH FOR BCMASP SIMULATOR 



-. 

m 
I 

45; 

U 

50 

+5 
0 

-5 

0 

150 

100 

50 

TIME (SECONDS) 
100 

FIGURE 2 - (a) DRAG AND (b) DEVIATION IN DRAG FROM 209 PRT 
VERSUS TIME FROM LAUNCH FOR BCMASP SIMULATOR 



0 s 

n 
v) a 
7 
0 
0 
w 
v) 
Y 

O m 

0 
w - 

0 

k e 

w 
0 
LL. 

I 

(SaN033SISaNnOd) UW lH3 13M 



. 

TABLE I 

FIRST STAGE ENGINE PERFORMANCE DATA FOR SATURN I B  L A U N C H  VEHICLES5 

VEHICLE 

206  

2 0 7  

2 0 8  

2 0 9  

2 1 0  

2 1 1  

2 1 2  

N O M I N A L  SEA LEVEL 
THRUST (POUNDS) 

N O M I N A L  Isp 
(SECONDS)  

1640256 2 6 3 . 0 3  

1656200 2 6 2 . 7 4  

1650432 2 6 3 . 0 9  

1650896 

1652360 

2 6 2 . 8 5  

2 6 2 . 6 2  

1652864 2 6 2 . 7 5  

1654760 262 .64  

5Data t a k e n  from n o n - c l a s s i f i e d  s e c t i o n  o f  R e f e r e n c e  7 .  


